An overview of the optical coherence tomography (OCT) technique is given. Time domain, spectral and sweep source modalities are briefly described, and important physical parameters of the OCT instrument are discussed. Examples of the application of OCT to diagnosis of various art objects such as oil paintings on canvas (imaging of glaze and varnish layers), porcelain, faience, and parchment are presented. Applications to surface profilometry of painting on canvas are also discussed.
INTRODUCTION
For more than a century, since a year after their discovery by W. Roentgen in 1895, X-rays have been used for investigation of art objects [1] . Since then, this and other noninvasive methods for diagnosis of artwork structure and properties have been developing rapidly. Such methods generally fall into two categories: (a) those directly revealing structure, and (b) profilometric ones which provide a 3D surface profile of the object. This second approach may also lead to structural information such as location of cracks or detachments [2] . Analytical methods requiring the extraction of a sample of the material, and therefore in principle destructive, and limited as to choice of position and number of samples, are not considered further. Some other methods, such as laser induced breakdown spectroscopy (LIBS) [3, 4] , Raman spectroscopy [4, 5] or, among more classical approaches, UV [6] [7] [8] and laser induced fluorescence (LIF) [9] , and IR reflectography [10] , are either limited to the object surface, or the information provided is integrated over the whole thickness of the object. In the latter case, structural information has to be obtained indirectly. X-ray radiography and neutron activation autoradiography [11] of paintings serve as examples in which such an indirect approach is taken. In both cases, the location of certain pigments in the picture may be revealed, and sometimes lead to the discovery of different, underlying images. However, assignment of the pigment to a certain paint layer has to be made by comparison with the visible image. Whilst routine tomographic methods like ultrasonography, X-radiography, electron paramagnetic resonance, and nuclear magnetic resonance have been successfully used for artwork diagnosis, the resolution of even highly developed modern instruments, usually designed for medical diagnosis, is not sufficient for detailed examination of certain objects of art, for example, paintings. A more detailed discussion of noninvasive testing is beyond the scope of this short review. However, despite the tremendous proliferation of many, very advanced diagnostic techniques, there is still a need for a fast, portable, easy-to-use, and simple-to-interpret, method of high resolution, noninvasive structural imaging. These requirements may, to some extent, be fulfilled by optical coherence tomography (OCT), since this method needs neither pretreatment of the object, nor special mounting conditions, such as an optical table. Modern medical OCT devices are suitably mobile, and achieve micrometre resolution.
OCT is a novel optical technique enabling cross-sectional imaging of the internal structure of semitransparent objects. This technique is based on interferometry of partially coherent light [12] . OCT has the great advantage of yielding high resolution cross-sectional images in a noncontact and noninvasive way, with very high sensitivity [13] . Because of these advantages, OCT is particularly suitable for medical applications, especially for investigating structures in the human eye, which is naturally transparent to visible and nearinfrared light, and almost inaccessible by any other diagnostic instrumentation [14] . OCT has been under development over the last fifteen years, and has successfully been commercialized for ophthalmological use.
In all OCT devices, the interference phenomenon is used to reveal the axial structure of the object analyzed, that is, the distribution of back-scattering or back-reflecting points along the penetrating light beam. In order to obtain an interference fringe pattern carrying information about the axial structure of the object, the input light beam is split into two beams in the interferometer setup. The object is placed in the direct-beam arm of the interferometer, while the reference beam in the other arm is reflected back by the reference mirror (see Figure 1 ). The probing light, which is back-scattered or reflected by the internal structures of the object, is brought to interference with the reflected light returning from the reference arm. Since all light sources used for OCT have very short coherence times, this interference enables precise measurement of the optical path difference between the reference mirror position and the locations of the scattering or reflecting centres within the object. The basis of the technique is somewhat similar to that of radar, but the wavelengths utilized are much shorter and provide resolution in the micrometre range. In the next section, a simple basic description of the OCT technique is presented. A more comprehensive review may be found in many papers, for example, the article of Tomlins and Wang [15] .
THE OCT INSTRUMENT
The majority of OCT instruments at present utilize optical fibres. However, for simplicity of description, the optical arrangements presented in this section are depicted in Figure 1 with bulk optics. They should therefore not be considered as experimental layouts, but rather as illustrating the physical ideas.
The first generation: time domain OCT
Time domain OCT (TdOCT, Figure 1 (a)) was introduced [12] in 1991. In its most widespread version, it comprises a light source (LS) emitting light of high spatial and low temporal coherence, and a Michelson interferometer which divides the light beam and directs it into two orthogonal arms. The direct arm (object arm) terminates at the object to be analyzed. It usually contains collimating optics enabling formation of a narrow beam which penetrates the object. In order to reconstruct two-dimensional cross-sectional images of the object, the beam is galvanometrically scanned across its surface. Light backscattered or reflected from the various structures returns to the interferometer and is brought to interference with light propagating in the orthogonal arm (reference arm) which is terminated with a mirror (RM). The reference mirror RM is scanned back and forth through the required depth of imaging. The interfering light is detected by a photodiode (PD) backed up with a bandpass filter tuned to the Doppler frequency, often called the "carrier frequency," which is related to the scanning speed of the reference mirror. This procedure helps to eliminate extraneous signals arising from background light.
When the optical path length of the reference arm and object arm are properly matched, an interference fringe signal appears. When partially coherent light is used, the change of reference mirror position away from the matched one causes a rapid decrease of fringe contrast. Assuming that the measured object contains more than one reflecting interface or scattering structure, the condition of matched optical path lengths of the interferometric arms will be fulfilled many times during the scan of the reference mirror. As a result, a set of interferometric signals will be detected as a function of the reference mirror position. This set corresponds with the axial distribution of scattering and reflecting interfaces within the object, and it is named, by analogy with ultrasound biomicroscopy, the A-scan. For the next scan of the reference mirror, the probing beam is shifted to an adjacent position and so on, to yield a set of consecutive A-scans. These A-scans are then combined into a single picture to form a cross-sectional image of the object, the B-scan.
A major advantage of the time domain OCT instrument is its simple basic design and essentially unlimited depth of imaging, which depends only on the range of movement of the reference mirror. However, this movement is simultaneously a major drawback. Despite very sophisticated construction, this movable part slows down the data acquisition process to no better than 200 A-scans/second, even in the most advanced systems [16] .
Instruments based on this principle are available commercially for medical diagnostic purposes. The most popular is the Stratus OCT TM from Zeiss-Meditec (USA), designed for imaging of the human retina. This system is optimized for medical applications, and it cannot directly be used for imaging materials. Instruments dedicated to the anterior chamber 3 of the eye (Visante OCT TM from Zeiss-Meditec) and other medical purposes are available, though less popular, but are also suitable for this application.
The second generation: spectral OCT
The theoretical basis for spectral OCT (SOCT, also called spectral domain OCT, Figures 1(b) and 2) [17] was published only two years after that of time domain OCT, but due to technological limitations (in particular the lack of very fast imaging systems) it did not generate much interest for a number of years. However, advances in high-speed and highsensitivity CCD technology eventually enabled the development of spectral OCT instrumentation suitable for medical studies, and the first in-vivo images of the eye [18] were published in 2002. More recently, improvements in this technology have been developing rapidly [19] [20] [21] [22] .
In SOCT systems ( Figure 1 (b)), the single light intensity detector (PD in Figure 1 (a)) is replaced by a spectrograph comprising a diffraction grating (DG) and fast camera (CCD). The spectrum of the light source registered by this camera is modulated by interference fringes of frequency corresponding to the position of the reflective or scattering layer in the object: the deeper the layer, the higher the modulation frequency. In contrast to time domain OCT, information about the entire axial structure of the object analyzed is collected simultaneously in one "shot" of the CCD camera. This information is encoded in the frequency signal. It is stored and subsequently decoded by numerical (reverse) Fourier transformation (FFT), conveniently performed on a personal computer.
The major advantage of SOCT is the lack of movable parts in the reference arm of the interferometer. Here, change of optical delay in the time domain is replaced by analysis of interference signals in the frequency domain. Due to this modification, the data collection period is significantly decreased, and acquisition speeds of up to 25,000 Ascans/second are currently attainable. The high speed of the SOCT system, which is very important for medical imaging, may also play a significant role in the application of OCT to art objects. For instance, it allows the multislice data collection necessary for 3D imaging of whole varnish layers and the subsequent analysis of varnish thickness. Spectral OCT also exhibits higher sensitivity than time domain OCT.
The main disadvantages of SOCT are directly related to the limitations of the CCD camera: the spectral sensitivity currently available restricts the wavelength range, and the number of pixels limits the range of modulation frequencies that can be recorded. In consequence, the depth of imaging of the system is limited. However, it is still usually not less than 1 mm, which is sufficient for the majority of OCT applications to the imaging of art objects. Another disadvantage is that SOCT systems appear to be somewhat more sensitive than TdOCT to saturation by mirror reflections from the sample. In spite of these drawbacks, the recently developed short acquisition time and high resolution now offered by SOCT instruments are beginning to take over in the market of medical diagnostic tools. At present (December 2006), the most advanced, commercially available SOCT instruments, are the SOCT Copernicus from Optopol S.A. (Poland) and the RTVue from Optovue Corp. (USA).
The third generation: sweep source OCT
In sweep source OCT (SSOCT, Figure 1 (c)), detection is again performed by a single photodiode (PD) but, as in spectral OCT, interference spectra are measured, in this case by changing the wavelengths of the monitoring light with time. This is accomplished by using a sweep source laser (SS) as the light source. This device enables a change of the wavelength generated over a range of up to 100 nm within a couple of microseconds [23] [24] [25] [26] [27] . As in SOCT, reverse Fourier transformation is utilized to recover the structure of the object. The major advantage of this emerging OCT technology is the similar high speed of data acquisition to SOCT, but without its drawbacks, that is, spectral limitations of the CCD camera, imaging depth limitations due to the limited number of pixels in CCD devices, and loss of sensitivity with depth, all inherent to SOCT. The price currently to be paid is that the light source is very expensive and so far still not reliable in operation, as well as it presently being available only for a limited range of wavelengths around 1300 nm. However, it is expected that the spectral range available will be expanded in the near future.
General considerations
The most important parameters of OCT systems for application to the imaging of art objects are axial and lateral resolution, range of axial imaging, central wavelength of probing light, sensitivity, and acquisition speed.
Similarly to confocal microscopy, the lateral resolution is related to the focused spot size Δx of the probing beam. This depends on the magnification and numerical aperture of the optics used in the object arm, and can be expressed in terms of the focal length of the lens f forming the probing beam, and the original beam diameter d. It is estimated from the central wavelength λ centre and the refractive index (n R ) of the medium examined:
The axial resolution (Δz) depends on the spectral properties of the probing light through its central wavelength λ centre and spectral span Δλ FWHM :
It should be emphasized that (2) is derived with some idealized assumptions such as Gaussian shape for the spectrum. This condition is not fulfilled for real light sources. Also, in real systems, dispersion in the material examined causes additional broadening of the signal. This effect may be compensated both optically and numerically, but only to a certain extent. Numbers obtained from (2) should therefore serve rather as lower estimates for expected values. The range of axial imaging is determined by various factors. Firstly, in all SOCT systems and the majority of TdOCT systems, it is limited by the depth of focus (DOF) of the probing beam
This limitation may be overcome in TdOCT by using a focusing lens which moves simultaneously with the reference mirror to keep the coherence gate always in focus. In such a system, the imaging range may be extended to even as much as a few centimetres. In SOCT instruments, the imaging range is additionally and predominantly limited by the number of pixels of the CCD camera, which determines the maximum detectable frequency of spectral fringes. In practice, SOCT systems have an imaging range of about 2 mm. The major factor determining the properties of any OCT system is the light source. To ensure high sensitivity, it has to emit highly spatially coherent light. Simultaneously, according to (2), it should have as broad a spectrum as possible. The most popular light sources fulfilling these conditions are semiconductor superluminescent diodes (SLD). Incandescent white light sources and specially designed lasers are also used for OCT applications [28] . Recent developments in the field of semiconductor lasers have yielded novel and cost effective spectrally broadband light sources built up from systems of SLDs, coupled together with optical fibres into a single source (the Broadlighter TM ).
Available light sources are limited to the near infrared range, namely, from 700 nm to 1500 nm. The exact choice of the central wavelength depends on the prospective application, and is mostly determined by the absorption properties of the medium under investigation, though the expected resolution must also be taken into account. In Table 1 , common examples of light sources used in OCT, and the resulting system properties, are listed.
As can be seen from (2) and Table 1 , the axial resolution deteriorates quickly with increasing central wavelength. This conclusion is important for the application to stratigraphy of paintings, because many pigments become transparent at longer wavelengths.
The sensitivity of the OCT instrument is a particularly important factor in nonprofilometric applications. It is defined as the reflectivity of the sample corresponding to the smallest signal which can be detected by the OCT system.
The main source of noise in OCT devices is shot noise [22] . Assuming shot-noise-limited detection, the sensitivity of TdOCT instruments depends on the product of optical power (P 0 ) and exposure time (T ex ):
As compared with time domain OCT, SOCT systems have inherently higher sensitivity. This is due to the fact that SOCT enables simultaneous detection by the multipixel device (the CCD camera), and the integration time is effectively extended compared with that in TdOCT. The noise is therefore averaged out more effectively, the sensitivity being improved by a factor of N/2 (Nyqvist limit)
where N is the number of pixels of the CCD camera used in the detector train. The final operational parameter is the acquisition speed. As mentioned previously, SOCT systems are up to 100 times faster than TdOCT ones, which allows real-time monitoring of certain processes and the collection of volume (3D) data.
Exemplary hardware solutions
By choosing from time domain, spectral, and sweep source OCT systems, and by adopting a suitable light source (Table 1) , one may assemble a system best fitting the prospective application. Some examples of such devices are described in detail elsewhere in this volume: the medium-resolution time-domain instrument, built in the Medical University in Vienna, and additionally capable of birefringence measurements, is depicted by Góra et al. [29] . Another bulk optics system of similar resolution, but of the spectral type, is described in the article concerning varnish ablation monitoring with OCT [30] . The latter instrument was utilized also for obtaining the stratigraphic images shown in Figures 3-5 and 8. To provide an example of a fibre optics device of slightly higher resolution, one of the instruments built in our laboratory for medical imaging, but also used for art diagnostics (see [31] and Figures 6 and 7) , will be described below. It utilizes a Broadlighter TM (from Superlum, Russia) as a light source, and so may be considered a high-resolution system. This broadband light source LS (Figure 2 shifted central wavelengths. As a result, light of 5 mW output power and high spatial but low temporal coherence, with a spectrum (see insert in Figure 2 ) at λ centre = 823 nm and Δλ FWHM = 74 nm, is launched into one of the single mode fibres of the 50 : 50 fibre coupler DC through an optical isolator OI. The optical isolator protects the light source from light back-reflected from the elements of the interferometer, to which it is very sensitive. In the coupler, the incoming light is split into two arms: the reference and object arms. The reference arm consists of a polarization controller PC, a collimator, and an open-air delay line with a reflective mirror RM held in a fixed position. The object arm comprises a collimator, transversal scanners X-Y, and lenses L and L 1 . The lens L 1 is placed between the scanner and the object in such a manner that the separation between lens and object, and between the pivot point of the scanner and the lens, are equal to the focal length of the lens. This optics produces a narrow beam of light which penetrates the object, and scatters from elements of its structure. Part of the scattered light is collected by the same optics L 1 and L, and directed back to the coupler DC. It then interferes with the light returning from the reference arm, and this signal is directed into a custom-designed spectrometer. The main part of the detector is a volume phase holographic grating DG with 1200 lines/mm. An achromatic lens L ( f = 150 mm) focuses the spectrum on a 12-bit line scan CCD camera. The spectral fringe patterns registered by this detector are then transferred to a personal computer COMP. The resulting signal, that is, the spectral fringe pattern, is Fourier-transformed into a single line (A-scan) of a cross-sectional image. In order to obtain either a 2D slice (B-scan, Figure 3(a) , e.g.) or a 3D volume tomogram, the beam is scanned transversely by galvanometric scanners X-Y. Laser Chemistry
The system is shot-noise-limited (the intensity of light in the reference arm of the interferometer is controlled by the neutral density filter NDF) and the overall sensitivity is 90 dB. The exposure time per A-scan is 50 μs, so that a single 2D slice (composed usually of 2000 to 5000 A-scans) is collected in a fraction of a second. In addition to straightforward FFT processing, subtraction of noninterference background, spectral shaping [32] , and numerical dispersion correction are carried out [33] .
OCT DIAGNOSTICS OF MUSEUM OBJECTS
Over the last four years, an increasing number of applications of OCT to various aspects of art diagnostics have been reported. Both time-domain and spectral OCT modalities have been utilized. In this section, an overview of these applications will be given.
Stratigraphic applications
Since OCT examination is nondestructive, this method of analyzing the internal structure of such delicate objects as paintings on canvas is an obvious application, and has been quite widely explored. The major limitation is the restricted transparency of pigments, even in the infrared. Systematic studies [34] of 47 pigments showed that about a third of them exhibited good transparency at 1500 nm, and about a fifth of them at 820 nm. About another one eighth could be examined in thin layers at either wavelengths. Especially good results are obtained for red pigments (see Figure 3) [35] .
The SOCT image (a B-scan) is shown in false colours: white and red colours indicate high scattering of penetrating light, while blue indicates low scattering. The light (λ centre = 830 nm) penetrates the object from the top, and the first structure evident in the image is the surface of the painting (1). The varnish layer (2) does not scatter light, and is visible as a dark strip. Below this, the semitransparent glaze layers (3) and the absorbing paint layer (4) are visible.
Due to its ability to collect a large quantity of data in a short time, spectral OCT is especially well suited for obtaining volume information. In this case, a set of consecutive, adjacent B-scans is collected to cover a desired area of the object's surface. This data may be used to create flow-through films (see supplementary AVI file available at doi 10.1155/2006/35373).
It must be emphasized that, since many pigments are not transparent enough to permit clear structural imaging, this application of OCT is at present restricted to selected areas of paintings. Since the transparency of many pigments increases with the wavelength of penetrating light, significant progress may be expected from the application of longer wavelengths, in the range of 1.5-2.5 μm. However, to maintain reasonable axial resolution, these sources are required to have extremely broad spectra. Together, these conditions point to sweep source OCT as the most promising technique of the future. 
Varnish layer analysis
Limitations connected with pigment transparency are not of concern in imaging the varnish layer (Figures 4 and 5(a) , see also Figure 3 (a), layer 2). Although this layer is particularly easy to image, instruments with high axial resolution are nevertheless highly desirable. Direct comparison with a microscope cross-sectional image corresponding to the area analyzed with OCT shows perfect agreement of the results obtained by means of these two different methods [36] . High resolution OCT also permits the distinguishing of old and new varnish layers [37] . When a glossy varnish is imaged, mirror reflections from its surface become a significant difficulty (because of possible saturation of the detector). However, these reflections are a more significant problem in the imaging of fresh, contemporary layers. For historical varnishes, the surface is much less glossy, and tilting the picture slightly is usually enough to overcome the problem. Despite the above difficulty, reflections from the varnish surface also may serve as a measure of its roughness. Preliminary studies of Liang et al. [38] show that the surface of the acrylic varnish Paraloid B72 becomes less smooth and starts to follow the roughness of the substrate as it dries. They consider this as a convenient way of monitoring the wetting and drying process of paint and varnish layers.
In addition to the point raised above, this ability of acrylic varnish to reproduce the surface roughness of the paint layer is linked to the influence of varnish properties on the appearance of paintings. According to de la Rie [39] , the varnish determines the final appearance of a picture in two ways: through its refractive index and through the roughness of its dried surface. It was shown that varnishes of high molecular weight (and thus of high viscosity), like modern acrylic media, reproduce the roughness of the surface of the paint layer. This effect, obtained in our laboratory with acrylic Talens 114 varnish (Paraloid B67), is presented in Figure 4(a) . On the other hand, a varnish of low molecular weight, ketone Talens 002 (Figure 4(b) ), levels the surface of the painting, which is much smoother after the varnish has dried-the mirror reflection is more homogeneous [35] . Historical varnishes composed of natural resins (e.g., dammar and mastic) also have low molecular weight and low viscosity in their liquid form. Consequently, the dried surface is mirror flat, which eliminates scattering of white light and thus increase the colour saturation.
Images of the varnish layer may be also utilized for a convenient measurement of its thickness. However, one must remember that the distances measured are optical and must be corrected to geometrical distances by dividing by the refractive index of the varnish. This effect is visible in Figure 5 , as an artificial bending of the glass substrate. There are procedures available to correct images for this effect, if necessary. However, if layers are reasonably flat, simple vertical scale recalculation is sufficient.
If the varnish layer is well defined (compare Figure 3 (a) with Figure 4 (a)), automatic recognition of both air-varnish and varnish-paint layer interfaces is possible. An example is seen in Figure 6 (a) (red lines). If such a procedure is applied to a set of parallel images, the varnish thickness map may be generated (see Figure 6 (b)) [31] .
An emerging, potentially important, application of imaging varnish layers with OCT is the use of OCT tomography to control the laser-induced varnish ablation process. In this case, OCT may be used to assay the ablation conditions, and to monitor the ablation process in-situ [30] , the faster SOCT being particularly appropriate to the latter case.
Other structural analysis
One of the first applications of OCT to investigate the structure of cultural heritage artefacts was the imaging of glaze layers, on a porcelain cup and on a faience plate [40, 41] . OCT tomograms made in the same conditions and with the same instrument clearly show a thicker, less-scattering glaze layer on the porcelain (see Figure 7) .
A similar application concerned imaging the structure of archaic jade artefacts from the Qijia and Liangzhu cultures in China [42] . With the aid of TdOCT instrumentation (λ centre = 800 nm, Δλ FWHM = 50 nm, Δz(in jade) = 3.5 μm, and λ centre = 1240 nm, Δλ FWHM = 65 nm, Δz (in jade) = 7.5 μm), the authors were able to distinguish between artificially treated (burned) and naturally whitened objects. This provides a valuable reference point for authenticating archaic jades. A particularly interesting application of TdOCT has recently been proposed by Liang et al. [37] . They used an enface modality of this technique to visualize underdrawings (preparatory drawings under the paint layer). In their system, a one layer (T-scan) perpendicular to the penetrating light is registered by scanning the probing beam over the investigated sample with an appropriate fixed position of the reference mirror. The mirror is then translated to the next position, and the whole procedure is repeated, and so on. Due to the narrow coherence gate (1), information from any given depth may be extracted with high contrast. When the position of the coherence gate is set to the depth at which underdrawings are expected, they are visible with a much better contrast than is available with classical methods, such as infrared imaging with a Vidicon or an InGaAs camera. Moreover, this technique allows, for the first time, the noninvasive determination of the layer in which the underdrawings appear.
Another potentially important application is in the imaging of parchment structure (see Figure 8) . Preliminary studies have shown that it should be possible to use the OCT technique to trace structural deterioration caused by iron ink or other similar factors [29] .
Profilometric applications
In these applications, OCT data is used to recover the first interface (i.e., that with air, see Figure 6 (a), upper red line, e.g.). When the tracking procedure is applied to each slice in a set of 3D data, an elevation map of the surface may be recovered.
The first profilometric OCT experiment enabling analysis of the structure of a crack in a painting on canvas was performed in our laboratory [41, 43, 44] . The sample was placed in a climate chamber in which the temperature and relative humidity could be controlled. Surface maps were obtained before and after a significant humidity jump to assay the canvas response. The second experiment [45] , also involving control in the climate chamber, was aimed at quantitative monitoring of whole canvas deformation. In this experiment, the position of a marker (a submillimetre spot of easy removable contrasting paint), placed at a chosen point on the canvas surface, was monitored simultaneously in 3 dimensions. Every 80 seconds, the area around a marker was scanned with the OCT probing beam. First, the IR reflectometric image of the surface was generated from the OCT data by integration over the whole depth of imaging. Then, the in-plane displacement of the marker was retrieved by numerical correlation with the previous image. Since the new in-plane position of the marker was established, its distance from the OCT head (the out-of-plane position) could be obtained from the OCT data by automatic recognition of the first scattering interface at the position of the marker. Tests show that the precision of marker position recognition is much better than the OCT image resolution of the same instrument (2 versus 8 μm for out-of-plane, and 8 versus 15 μm for in-plane displacements).
Surface profilometry may also prove useful in monitoring varnish removal processes. For example, in the case of laser ablation, the profile and depth of the ablation crater may be recovered. A detailed description and some results are given elsewhere [30] . In Figure 9 , an example of our three presently available surface profile analyses is given. All these images were obtained from 3D OCT data comprising 200 parallel A-scans, each made up of 400 B-scans.
CONCLUSIONS
In conclusion of this short review of present and potential applications of OCT to diagnostics and documentation of art objects, it should be emphasized that at present it is still seeking for a subject best served by this analytic method. It seems that, for now, the role of the physicist is well defined. Further significant progress will only be possible if this method becomes adopted by art conservationists and analysts. Only experts directly involved in the investigation of the art object are able to ask questions of significant importance for an understanding of the structure and properties of the object examined. The physicist's further role is limited to modification of current instrumentation, and the design and implementation of new modalities, to provide a desirable diagnostic tools in response to this.
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